Link Analysis (LA) is a useful method to study relationships and arrangements of elements within a system. It has been used more and more in the healthcare domain to create appropriate work conditions for clinical staff and provide patients with effective, efficient and safe services. However LA has limitations, such as the timeconsuming manual data recording and results generating processes. Thus, the Computerised Link Analysis (CLA) system was developed and is being tested to provide flexibility by computerising template generation, and data collection and analysis processes. This paper will describe the development and iterative testing (technical, usability and field) of the CLA system.
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INTRODUCTION
Link Analysis (LA) is a useful ergonomic method in layout and task design. In Link Analysis, systems are composed of components and links. Components comprise items in the system (for example, chairs and tables in an office), while links are represented by the interactions between components, such as hand, eye or body movements. The purpose of LA is to capture these interactions and attempt to produce an improved layout of workspace by rearranging components to achieve a minimum of overall link distance, in order to increase efficiency. LA has been increasingly employed in the healthcare industry to improve layouts and enhance performance (Hignett & Lu, 2007; Jones, Hignett & Benger, 2008; Ferriera & Hignett, 2004) . Currently, the majority of researchers are still using a traditional 'pen and paper' method of LA. This is labour-intensive and time-consuming as (Zhao, Hignett & Mansfield, 2009 ) and tested to provide researchers with an enhanced software tool to reduce the workload and save time and resources. This paper will describe the development and iterative testing (technical, usability and field) of the CLA system.
COMPUTERISED LINK ANALYSIS (CLA) SYSTEM
As techniques develop many achievements of simplifying the method of LA have been documented, such as Computer-Aided Link Analysis system (Glass, Zaloom & Gates, 1991) , Link Analyzer system (Thorstensson, Axelsson, Morin & Jenvald, 2005) , etc. However, none are able to either capture and analyse real-time data effectively and efficiently, or were designed especially for use in the healthcare industry. Thus, the Computerised Link Analysis (CLA) system has been developed and tested to provide analysts with an efficient and effective tool which integrates computerised layout creating, real-time data recording and real-time results generating processes. The system consists of two applications, the Template Generator (TG) and Data Recorder (DR). The TG is used to develop user-specified 2-D layout design, in which components are represented by rectangular boxes. The purpose of the DR is to read in the layout, collect interactions in real-time, and generate LA results instantly. The benefits of CLA are:
• Reduction in time and resources required compared with the traditional LA method, as interactions/links are recorded simply by selecting the rectangular boxes in the layout according to the naturalistic operations; • Increased data analysed, such as chronological order, time duration and direction of links. Early versions of CLA were tested for accuracy, usability and real-time ability, etc. in Technical Validation and Usability tests.
TECHNICAL VALIDATION TEST
Technical Validation aimed to ensure the CLA system worked technically and achieved acceptable accuracy. This test was conducted using previous LA studies with a range of different complexity tasks. Comparisons were made between results of CLA and the manual results (obtained from previous reports) to assess its accuracy.
METHOD
This test was conducted in two stages, Stage 1: previous study of assessing the reproduction of a two-sided document using a photocopier (Whitehead, 2008) , which consisted of approximately 10 links; Stage 2: ambulance patient compartment (Thorne, 2008) was re-evaluated in CLA system using video clips of clinical staff simulating patient (mannequin) treatment in a ambulance mock-up. Comparisons were made between manual results and CLA results.
RESULTS
Stage 1: As there were four participants in the previous report, four sets of comparisons were made on both link tables and link diagrams. Two sets of CLA results out of four (including link tables and link diagrams) were identical with manual results (Participant A and C). Although results of Participant B & D from two methods were slightly different, results of the CLA system were proven to be correct after Trial B & D was repeated using both traditional pen and paper method and CLA method (tables 1, 2, 3; figure 1). (2008)). Stage 2: One simulation scenario with two clinical staff was assessed and two sets of comparison on link tables were obtained. Activities of Staff 1 registered using two methods were the same, however, there were some differences in results for Staff 2 (tables 4 and 5). It was concluded that the link table generated by the CLA system was correct. The Technical Validation test was successful and it was concluded that the CLA system, both TG and DR applications, operated reliably and accurately throughout validation test, and was capable of recording and analysing data in real time.
USABILITY TEST
The Usability Test aimed to identify improvements and bugs of the CLA system to both reduce the probability of failure/deficiency and increase reliability/usability. 12 users with various backgrounds (for example, Ergonomics, Computer Sciences, etc.) were invited to operate the CLA system in a laboratory environment. Virzi (1992) suggests that 65% of usability problems can be uncovered by three subjects, 80% can be found by five subjects, and as high as 95% of problems can be detected by nine. The task was to create layouts (TG) and collect interactions (DR) from four observational sets of data (two real and two video tasks). The researcher (YZ) accompanied each user throughout the test to monitor his/her performance from the PC screen and log bugs/failures of system, confusing steps or errors in time, as users might miss reporting some bugs. Further bugs and improvement ideas were identified through a post-test questionnaire. System enhancements were carried out to develop the CLA system to the next generation.
